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LIMN 0LOGICAIL OBSERVATIONS
1

ON A SMALL RIVER
DONALD G. KADDATZ*
ABSTRACT - Limnological conditions were studied in the Snake river at Mora, in east-central Minnesota, over a 13month period. Sampling stations were established above and below the sewage outfall from the city of Mora to assess the
river's physical and chemical parameters. Seasonal changes and fluctuations related to discharge flow were observed and
recorded.

The Snake river originates north of McGrath in Aitkin
county and flows along a JOO-mile course to its confluence
with the St. Croix river, east of Pine City . The watershed area
of [ ,040 square miles is comprised of most of Kanabec county (in which this study was conducted) and parts of Aitkin,
Mille Lacs, Pine, Isanti , and Chlsago counties. Canoeing is the
greatest recreational use, though excellent fishlng for walleye
and bass has been experienced along the river course.
The Snake river was studied previously by Reedstrom
(I 964) and Huber (I 966) in conjunction with the Research
and Planning Section of the Minnesota Conservation Department. Their reports survey the game and sport fisheries potential but also include some physical and chemical data. The
purpose of this study was to make a seasonal survey of the
physical and chemical conditions of the Snake river above and
below the outfall of secondary effluent at Mora in Kanabec
county.
52 samples from 26 stations

The investigation was conducted from 6 June, 1971, to
24 June, 1972. Sampling stations were established .3 km
above and .25 km below the sewage outfall at Mora, (Fig. I).
A total of 52 water samples were collected, 26 for each station. Temperatures were taken with a mercury thermometer.
Velocity and flow measurements were determined by the
standard "timed flotation" method, using Fluorescein dye
as the flotation substance. Turbidity measurements were recorded as Jackson Turbidity Units (J .T.U.) from a colorimeter calibrated to the Jackson candle turbidimeter. A VanDorn water bottle was used to obtain samples for chemical
analysis. Dissolved oxygen was determined by the modified
Azide-Winkler method using 0.025N phenylarsene oxide
(POA) rather than thiosulfate as the titrant. All chemical
procedures were according to Standard Methods ( 1965).
With pH readings and bicarbonate alkalinity values, the nomogram of Theroux, Eldridge, and Mailman ( 1943) was used to
estimate free carbon dioxide.
Physical characteristics

Water temperatures ranged from 0.OC to 23.0C (Table I) and
fluctuated directly with air temperatures until the water
reached 0.OC. Air temperatures ranged from -14.0C to 25.0C
and the average annual water temperature (9.4C) varied little
from the average air temperature (8.6C). lee formation of two

types was observed in the river. The first, "anchor" ice, had
formed on the river bed by 27 November when water temperatures were 0.OC and the surface ice-free. This formation
occurred on the upstream edge of almost all rocks and stones
and progressed through crystalline growth to cover much of
the river bed. The second formation, surface ice, began buildup on 11 December and covered the river by 23 December,
persisting through 4 March. The "anchor" ice was absent by
11 December, when surface ice had begun to form.
A mean annual discharge of 360 cfs with a range of 70 to
2,740 cfs was observed. Throughout the 13-month study
period the Snake river attained or exceeded its mean annual
flow only 4 (31 percent) of the months (Fig. 2).
Mean annual turbidity measurements of 38.2 J.T.U. above
the sewage outfalJ and 39.9 J.T.U. below the outfall were
observed. Turbidity ranged from 9 to 70 J.T.U. below the
outfall at Mora. Minimum turbidity measurements were re corded during August and September. Maximum measurements were recorded on 31 October and 24 June.
Chemical characteristics

Dissolved oxygen concentrations ranged from 7.8 to 14.6
mg/I above the sewage outfall and from 6 .6 to 13.8 mg/I below the outfall (Fig. 3). Concentrations reached higher levels
in colder water shortly before ice cover developed and after
the ice cover had been eliminated. Concentrations dropped
at both stations during the period of ice cover. Dissolved oxygen percent saturation values ranged from 81 percent on 21
January to 120 percent on 24 June, with a mean of 98 percent above the outfall. A mean of91 percent with a range of
79 percent to I I 8 percent was observed below the outfall.
No hydroxide or carbonate alkalinity was detected . Total
(bicarbonate) alkalinity reached its highest levels during low
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Figure 1 - Location of Snake River Sampling Stations
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Figure 2 - Monthly Dischage Flow as% of Mean Annual Flow

Figure 3 - Seasonal Dissolved Oxygen and% Saturation

discharge periods of early fall and winter and lowest levels
during flood periods {Fig. 4 ). Total alkalinity measure men ts
{Table 2) identify the Snake river as a "hard" water system
(Moyle, 1945). Throughout the study period pH values
ranged from 7.0 to 8.4 at both stations. Free carbon dioxide
ranged from 0.0 to 12.5 mg/I above the outfall and 1.0 to
12.5 mg/I below the outfall. Highest concentrations of carbon
dioxide ( 12.5 mg/I) were observed under the ice cover in
January. Flood periods also exhibited an increased free carbon dioxide concentration , but to lesser degrees .
Orthophosphate and total phosphate concentrations were
considerably higher below the sewage outfall throughout the
study period (Table 2). Phosphate concentrations generally
increased through the winter and decreased in the spring and
fall. Total phosphate ranged from 0.1 mg/I to 0.32 mg/I
above the outfall and 0.15 mg/I to 1.2 mg/I below the outfall. Nitrite nitrogen was not detected during the study period.
Nitrate nitrogen concentrations were highest during the winter and lowest during spring. Concentrations ranged from
0.09 to 0.6 mg/I above and 0.1 I to 1.0 mg/I below the outfall. Ammonia nitrogen was present in high concentrations
in all parts of the river. Concentrations as high as 2.0 mg/I
were observed at both stations . Seasonal variations in ammonia nitrogen closely followed the fluctuations in discharge
flow {Fig. 4) with highest levels recorded during flood water
periods. Silica ranged from 8.0 mg/I to 32.S mg/I at both
stations and was observed in highest concentrations during
the winter and lowest concentrations during spring.

perature fluctuations has been observed in other smaller
flowage systems (Neel, 195 I). Surface ice cover was observed to produce an insulating effect as water temperatures
remained at 0.0C. The "anchor" ice which formed on the
river bed could present negative effects on the benthic life
of the river. The freezing and subsequent scouring action
upon its release would prevent colonization and growth of
the benthic populations.
A wide range in discharge flow which varied according to
precipitation levels was observed. In smaller flowage systems
such as the Snake river, water entering through surface runoff can cause much irregularity in river discharge . Normal
precipitation levels in Kanabec county for October and
November are 1.9 and 1.7 inches, respectively (Baker, Haines,
and Strub , 1967). Unusually heavy rainfall during these
months in 1971 of 8.5 and 2.5 inches resulted in flood water
conditions. The higher discharge flow in April was the result
of spring meltwater runoff and can be expected to be an
annual occurrence. Hynes (I 970) has proposed that smaller
irregular streams may be classified in to groups by graphing
their average monthly discharge as a fraction of their mean
annual flow. Figure 2 presents such a graph for the Snake
river. In this small stream with discharge greatly affected
by precipitation and meltwater runoff, the mean discharge
{360 cfs) was only attained or exceeded 31 percent of the
time during the study period. Stream organisms in the Snake
river lived the majority of the time in low discharge flow
even during the abnormal precipitation levels of 1971-1972.
During these periods of increased discharge, turbidity increased in the Snake river as a result of increased erosion
and turbulent mixing action of the water.
The Snake river, as with most flowing water systems,
contained high concentrations of oxygen and tended toward
100 percent saturation. Seasonal variation in dissolved
oxygen concentrations coincide with temperature conditions

Temperature fluctuations
The Snake river exhibited a wide seasonal variation in
water temperatures from 0.OC to 23.0C. During the course
of this study, the annual mean water temperature varied
only 0.8C from the annual mean air temperature . This rise
and fall of water temperature in accordance with air tem-
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with the exception of a decrease under ice cover (Fig. 3).
Though dissolved oxygen concentrations were slightly lower
below the outfall, they were well within requirements for
the existence of a diversified warm-water biota (Water
Quality Criteria, 1968). Seasonal variations of alkalinity and
ammonia nitrogen (Fig. 4) illustrate their relationship in a
river system with fluctuating discharge flow. Increased
discharge flow produced a dilution effect upon alkalinity
values. Ammonia concentrations rose with increasing discharge flow as a result of decomposition of materials added
to the river through erosion.
The major nutrients, phosphorus and nitrogen, are not
limiting in the Snake river {Table 2) and are greatly increased
below the outfall of the secondary treatment plant. The
city of Mora has an activated sludge treatment plant for
removal of organic wastes, but the effluent still contains
much of the inorganic nutrient salts. Phosphorus is the
nutrient of major concern , as it is considered a stimulator of
algal growth.
When phosphorus is supplied to a water system , so that it
is no longer limiting, it can lead to an over-enrichment and
over-productivity of the river or/any reservoir which receives the water (Mackenthun, 1968). Sewage eflluents not
specifically treated for phosphorus removal range from 3.5
to 9 mg/ I phosphorus and 70 to 90 percent of the total
phosphorus is present as orthophosphate (Committee Report

TABLE 1 - PHYSICAL PARAMETERS

x

Parameter
Temperature air

0

c

Temperature water

0

c

Flow cfs

Range

8.6

-1'4.0-25.0

9.4

0.0-23.0

360

70-2,740

38

9-70

40

10-75

Turbidity (above) J.T.U.
Turbidity (below) J .T.U.

TABLE 2 -WATER ANA LYSIS
1

Analysis

Above Outfall

Below Outfall

x

x

Total Alkalinity
mg/1 CaCO 3

99

Dissolved Oxygen
mg/1

11.2

Oxygen % Saturation

98

pH
Free Carbon Dioxide
mg/1

Range

35-1-90

Range

97

40-160

7.8-14.6

10.4

6.6-13.8

81-120

91

79-118

7.7

7 .0-8.4

7.7

7.0-8.4

4 .2

0.0-12.5

4.1

1.0-12.5

18.3

8-32.5

20.0

8-32.5

Ammonia Nitrogen

1.2

0.3-2.0

1.2

0 .5-2 .0

Nitrate Nitrogen

0.23

0.09-0.60

0.34

0. 1-1 .1

Silica mg/1

Nit rite Nitrogen

not detected

Phosphate, Ortho

0.08

Phosphate, Insoluble
Phosphate, Total

not detected

0 .03-0.15

0.44

0.11

0.05-0.24

0.06

0.0-0.16

0.19

0.10-0 .32

0.96

0.15-1.20

Chloride, C1 -

6.5

5.0-10.0

8.4

5.0-10.0

Chloride, NaC1

0.2

0 . 17-0.33

0.3

0.17-0.33
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Figure 4 - Seasonal Variations
AWWA, 1970). Bahls {1973) found that primary effluents
will increase orthophosphate concentrations below an outfall by seven times. During the course of this study, mean
total phosphate and mean orthophospate concentrations
above and below the secondary effluent outfall show an
increase of five times the amount of phosphate carried in
the river (Table 2) .
Pollution of surface waters threatens a valuable natural
resource. Rivers, because of their physical characteristics
of flow and turbulence, may be rescued and restored, often
with only minimal alterations in use or treatment.
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